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(§4)  Corrosion  inhibitor  method  for  the  treatment  for  boiler  water. 

There  is  disclosed  a  coordinated  phosphate/pH  cor- 
rosion  control  method  for  the  treatment  of  boiler  water,  in 
which  said  treatment  in  supplemented  with  an  alpha  amine- 
neutralized  organic  acid.  An  alpha  amine  is  one  which  has 
a  distribution  ratio  of  0.01  or  greater  and  a  pKb  of  8.0  or 
less. 



B o i l e r s   us ing  d e m i n e r a l i z e d   makeup  water   are  known  to  be  

prone  to  c a u s t i c   a t t a c k .   High  p r e s s u r e   b o i l e r s   are  p a r t i c u l a r l y  

s u s c e p t i b l e   to  t h i s   type  of  metal  c o r r o s i o n .  

The  i n s i d e   s u r f a c e s   of  the  b o i l e r   are  t y p i c a l l y   p r o t e c t e d  

with  m a g n e t i t e .   Hydroxide  ion,   being  the  p r e d o m i n a n t   anion  in  h i g h  

p u r i t y   b o i l e r   wa te r ,   can  d i s s o l v e   the  m a g n e t i t e   when  h igh ly   c o n c e n -  

t r a t e d .   Even  though  high  p u r i t y   water   is  being  used,   c a u s t i c   c an  

n o n e t h e l e s s   become  h igh ly   c o n c e n t r a t e d ,   p r i m a r i l y   due  to  the  p r e -  

sence  of  i ron  oxide  d e p o s i t s   on  r a d i a n t   wall  t ubes .   While  the  b u l k  

wa te r   may  c o n t a i n   only  5-10  ppm  of  c a u s t i c ,   i t   is  q u i t e   p o s s i b l e   t o  

have  l o c a l i z e d   c a u s t i c   c o n c e n t r a t i o n s   of  up  to  100,000  ppm.  The 

iron  oxide  d e p o s i t s   are  ex t r eme ly   porous  so  t h a t   wate r   is  drawn 

t h e r e i n t o .   Due  to  heat   being  a p p l i e d   from  b e n e a t h ,   steam  is  g e n -  
e r a t e d   and  passes   out  of  the  porous  d e p o s i t ,   whi le   f r e sh   water   i s  

again  drawn  t h e r e i n t o .   The  r e s u l t   is  the  noted  high  c o n c e n t r a t i o n s  

of  c a u s t i c   which  must  be  d e a l t   with  if  the  b o i l e r   is  to  p r o p e r l y   be  

p r o t e c t e d . .  



A  widely   used  method  for  c o n t r o l l i n g   c a u s t i c   c o r r o s i o n   i n  

b o i l e r s   using  d e m i n e r a l i z e d   (high  p u r i t y )   makeup  w a t e r ,   p a r t i c u l a r l y  

in  high  p r e s s u r e   b o i l e r s ,   is  the  c o o r d i n a t e d   phospha te /pH  c o n t r o l  

t r e a t m e n t .   This  method  of  t r e a t m e n t   is  d e t a i l e d   in  an  a r t i c l e   by 

George  Gibson  e n t i t l e d   "The  Basics   of  Phosphate-pH  B o i l e r   W a t e r  

T r e a t m e n t " ,   Power  E n g i n e e r i n g ,   F e b r u a r y ,   1978,  p.  66,  which  a r t i c l e  

is  i n c o r p o r a t e d   he re in   by  r e f e r e n c e   to  the  e x t e n t   n e c e s s a r y   t o  

comple te   t h i s   d i s c l o s u r e .   In  any  even t ,   p o r t i o n s   are  e x c e r p t e d  

below  for  purposes   of  e x p l a n a t i o n .  

The  c o o r d i n a t e d   phospha te /pH  c o r r o s i o n   c o n t r o l   t r e a t m e n t  

is  based  on  two  p r i n c i p l e s :   f i r s t ,   t h a t   sodium  p h o s p h a t e s   are  a  pH 

b u f f e r ;   and  second,   t h a t   d isodium  hydrogen  phospha te   c o n v e r t s  

p o t e n t i a l l y   c o r r o s i v e   c a u s t i c   in to   r e l a t i v e l y   ha rmless   t r i s o d i u m  

p h o s p h a t e   a c c o r d i n g   to  the  f o l l o w i n g   e q u a t i o n :  

A c c o r d i n g l y ,   genera l   c o r r o s i o n   is  p r e v e n t e d   th rough  the  c o n t r o l   o f  

b o i l e r   water   pH,  and  a d h e r e n t   d e p o s i t s   with  c o n c o m i t a n t   c a u s t i c  

c o r r o s i o n   are  p r e v e n t e d   by  m a i n t a i n i n g   a  d isodium  hydrogen  p h o s p h a t e  

r e s i d u a l   in  the  b o i l e r   water   to  r e a c t   with  c a u s t i c   a c c o r d i n g   t o  

e q u a t i o n   ( 1 ) .  

The  program  is  implemented  with  a  con t ro l   c h a r t   such  a s  

in  F igure   1.  Disodium  hydrogen  phospha te   is  p r e s e n t   if   the  c o -  

o r d i n a t e   of  pH  and  phospha te   l i e s   w i th in   the  con t ro l   b o u n d a r y .  



Many  sodium  p h o s p h a t e s   are  used  in  b o i l e r   w a t e r - t r e a t m e n t .  

Of  t h e s e ,   o r t h o p h o s p h a t e s   are  p r e f e r r e d .   Complex  p h o s p h a t e s ,   in  t h e  

form  of  polymer  c h a i n s ,   break  down  in to   o r t h o p h o s p h a t e s   at  b o i l e r  

wa te r   t e m p e r a t u r e s   by  a  p rocess   known  as  r e v e r s i o n .   The  o r t h o -  

p h o s p h a t e s   are  monosodium  d ihydrogen   phospha te   (MSP),  d i s o d i u m  

hydrogen  phospha te   (DSP)  and  t r i s o d i u m   phospha te   ( T S P ) .  

O r t h o p h o s p h a t e s   can  be  i d e n t i f i e d   by  name,  formula  o r  

s o d i u m - t o - p h o s p h a t e   r a t i o   which  can  be  e x p r e s s e d   with  the  n o t a t i o n  

"Na:P04",   read  as  s o d i u m - t o - p h o s p h a t e   r a t i o .  

Monosodium  d ihydrogen   phospha te   has  one  mole  of  sodium  p e r  

mole  of  p h o s p h a t e .   T h e r e f o r e ,   the  s o d i u m - t o - p h o s p h a t e   r a t i o   is  o n e -  

t o - o n e   (Na:P04  =  1 :1 ) .   Disodium  hydrogen  p h o s p h a t e ,   with  two  m o l e s  

of  sodium  per  mole  of  p h o s p h a t e ,   has  a  Na:P04  =  2 : 1 ,   and  t r i s o d i u m  

p h o s p h a t e   has  a  Na:P04  =  3 : 1 .  

S o d i u m - t o - p h o s p h a t e   r a t i o s   are  useful   to  d e s c r i b e   m i x t u r e s  

of  p h o s p h a t e s   in  s o l u t i o n .   For  example,   s o l u t i o n s   of  DSP and  TSP 

have  a  Na:P04  between  2:1  and  3:1.   The  Na:P04  is  f a i r l y   p r o p o r -  

t i o n a l   to  the  mix  r a t i o .   For  i n s t a n c e ,   a  s o l u t i o n   of  ha l f   DSP  and  

h a l f   TSP  has  a  r a t i o   of  about  2 .5 :1   ( i t   is  a c t u a l l y   2 .46 :1   b e c a u s e  

DSP  and  TSP  have  d i f f e r e n t   m o l e c u l a r   w e i g h t s ) .  

F i g u r e   2  shows  the  r e l a t i o n   between  s o l u t i o n   pH  and  p h o s -  

pha te   c o n c e n t r a t i o n   for  v a r i o u s   s o d i u m - t o - p h o s p h a t e   molar  r a t i o s .  

Examina t ion   of  the  f i g u r e   r e v e a l s   pH  i n c r e a s e s   with  i n c r e a s i n g  

Na:P04 , : (a t   equal  phospha te   c o n c e n t r a t i o n s ) .   A c c o r d i n g l y ,   s o l u t i o n  

pH  and  phospha te   c o n c e n t r a t i o n   i d e n t i f y   phospha te   form,  i t   b e i n g  

kept   in  mind  t h a t   d isodium  hydrogen  phospha te   is  the  s p e c i e s   w h i c h  



n e u t r a l i z e s   c a u s t i c   a c c o r d i n g   to  e q u a t i o n   ( 1 ) .  

A  t r i s o d i u m   phospha te   s o l u t i o n   e x i s t s   i f   the  p h o s p h a t e / p H  

c o o r d i n a t e   f a l l s   on  the  Na:P04  =  3:1  l i n e ;   d isodium  hydrogen  p h o s -  

pha te   s o l u t i o n   i f   the  c o o r d i n a t e   f a l l s   on  the  2:1  l i n e ;   and  a  m i x -  

tu re   of  DSP  and  TSP  if   the  c o o r d i n a t e   f a l l s   between  the  2:1  and  3 : 1  

l i n e s .   As  the  c o o r d i n a t e   app roaches   the  3:1  l i n e ,   t h e r e   is  more  a n d  

more  TSP  and  l e s s   and  l e s s   DSP  in  the  s o l u t i o n .  

The  s o l u t i o n   is  a  mix tu re   of  TSP  and  c a u s t i c   i f   the  c o o r d -  

i n a t e   f a l l s   above  the  3:1  l i n e .   In  t h i s   " f r ee   c a u s t i c "   r eg ion   t h e r e  

is  no  DSP  to  t i e   up  the  c a u s t i c .  

I t   is  seen  t h a t   the  phospha te /pH  c o o r d i n a t e   must  be  b e l o w  

the  Na:P04  =  3:1  l i n e   to  ensure   t h a t   t h e r e   is  DSP  in  s o l u t i o n   t o  

t i e   up  the  c a u s t i c .   The  f u r t h e r   the  phospha te /pH  c o o r d i n a t e   is  k e p t  

below  the  l i n e   the  g r e a t e r   the  c a u s t i c - a b s o r b i n g   c a p a c i t y   of  t h e  

wa te r   and  the  l e s s   chance  of  d r i f t i n g   in to   the  reg ion   above  the  3 : 1  

l i n e .  

F igu re   2  is  based  on  pure  sodium  phospha te   s o l u t i o n .   The 

pure  s o l u t i o n   theory   can  be  used  with  impure  b o i l e r   water   b e c a u s e  

the  c o n c e n t r a t i o n   of  o the r   s p e c i e s   is  low  and  t h e i r   s o l u b i l i t y   h i g h .  

Complex  c h e m i s t r y   is  avo ided -by   using  pH  as  a  v a r i a b l e .   It  is  d e -  

s i r a b l e   to  keep  the  Na:P04  between  2 .8 :1   and  2 . 2 : 1 .   The  p h o s p h a t e -  

pH  c o n t r o l   c h a r t ,   F igure   1,  is  a  r e f i n e m e n t   of  F igure   2  with  a 

c o n t r o l   boundary  in  the  a p p r o p r i a t e   range  to  p r e v e n t   c a u s t i c   c o r -  

r o s i o n .   The  c o n t r o l   c h a r t   is  the  h e a r t   of  phospha te -pH  c o n t r o l .  

There  has  been  some  c o n f u s i o n   in  a p p l y i n g   s o d i u m - t o -  



phospha te   r a t i o s .   The  Na:P04  used  in  phosphate-pH  c o n t r o l   i s  

d e t e r m i n e d   only  from  b o i l e r   water   pH  and  phospha te   c o n c e n t r a t i o n ,  

not  by  measur ing   sodium  and  phospha te   c o n c e n t r a t i o n s   of  the  b o i l e r  

w a t e r .  

This  i n f o r m a t i o n   can  be  used  to  make  a  p h o s p h a t e - p H  

c o n t r o l   c h a r t   by  f i r s t   s e t t i n g   phospha te   l i m i t s .   Maximum  a l l o w a b l e  

phospha te   d e c r e a s e s   with  i n c r e a s i n g   b o i l e r   p r e s s u r e   because   o f  

c a r r y o v e r   and  phospha te   " h i d e o u t . "   The  l a t t e r   term,  i n c i d e n t a l l y ,  

r e f e r s   to  the  phenomenon  of  d i m i n i s h i n g   b o i l e r   water   p h o s p h a t e  

l e v e l s   with  i n c r e a s e d   f i r i n g   r a t e   ( e v e r y t h i n g   e l se   held  c o n s t a n t )  

and  the  r e a p p e a r a n c e   of  b o i l e r   water   phospha t e   level   when  the  f i r i n g  

r a t e   is  r educed .   Hideout   phospha te   is  b e l i e v e d   to  be  caused  by 

p r e c i p i t a t i n g   the  p h o s p h a t e s   under  high  heat   f lux  c o n d i t i o n s .  

I n d i v i d u a l   p l a n t s   have  se t   t h e i r   own  phospha t e   l i m i t s ,  

based  on  what  works  for  them  and  on  r e s u l t s   at  s i m i l a r   i n s t a l l a -  

t i o n s .   The  l i m i t s   chosen  for  the  con t ro l   c h a r t   shown  in  F igure   1 

are  c o n s i s t e n t   with  i n d u s t r y   p r a c t i c e   and  have  proved  to  be  s a t i s -  

f a c t o r y   in  p r a c t i c a l   a p p l i c a t i o n s .  

Note  t h a t   the  r e s i d u a l   phospha te   l i m i t s   c o n t a i n e d   in  t h e  

c o n t r o l   c h a r t   (F igu re   1)  are  the  maximum  l e v e l s   recommended  for  s a t -  

i s f a c t o r y   b o i l e r   o p e r a t i o n .   Whatever  the  a l l o w a b l e   r e s i d u a l   p h o s -  

pha te   c o n c e n t r a t i o n ,   i t   is  p ruden t   to  o p e r a t e   with  as  l i t t l e   p h o s -  

pha te   as  p r a c t i c a b l e .  

There  should  be  an  upper  Na:P04  l i m i t   of  2 .85 :1   to  p r e -  

vent   c a u s t i c   c o r r o s i o n   and  a  lower  Na:P04  l i m i t   of  2 .13 :1   to  p r e -  

vent   acid  a t t a c k .   But,  i t   would  be  p ruden t   to  i n c l u d e   a  s a f e t y  



f a c t o r   in to   t hese   numbers ,which   s a f e t y   f a c t o r   depends  o n  i n -  

d i v i d u a l   b o i l e r   c h a r a c t e r i s t i c s   and  system  water   t i g h t n e s s .  

Lower  p r e s s u r e   b o i l e r s   have  l e s s   t r o u b l e   with  c a u s t i c   c o r r o s i o n  

than  h ighe r   p r e s s u r e   b o i l e r s   and  g e n e r a l l y   can  be  run  with  Na:P04  

c l o s e   to  the  2 .85 :1   l i n e .   Of  c o u r s e ,   i f   c a u s t i c   c o r r o s i o n   i s  

o c c u r r i n g ,   a  lower  maximum  l i m i t   should  be  se t   for  the  b o i l e r s  

i n v o l v e d .   High  p r e s s u r e   b o i l e r s   tend  to  be  more  s u s c e p t i b l e   t o  

c a u s t i c   c o r r o s i o n ,   and  a  maximum  Na:P04  l i n e   of  2 .6 :1   u s u a l l y   i s  

chosen .   This  has  proved  to  be  an  e f f e c t i v e   l i m i t .  

It  should   be  u n d e r s t o o d   from  the  f o r e g o i n g   t h a t   t h e  

c o o r d i n a t e d   phospha te /pH  con t ro l   t r e a t m e n t   c o n s i s t s   p r i m a r i l y   of  two 

bas i c   s t eps   as  f o l l o w s :  

(1)  m a i n t e n a n c e   of  an  a p p r o p r i a t e   level   of  r e s i d u a l   o r t h o -  

p h o s p h a t e   in  the  b o i l e r   wa te r ;   a n d  

(2)  m a i n t e n a n c e   of  the  p rope r   Na:P04  r a t i o   in  the  w a t e r .  

The  r e s i d u a l   o r t h o p h o s p h a t e   level   wil l   depend  on  s u c h  

known  f a c t o r s   as  the  na tu re   and  s e v e r i t y   of  the  problem  and  b o i l e r  

p r e s s u r e .   Since  i t   is  c o n s i d e r e d   bes t   to  o p e r a t e   with  as  l i t t l e  

p h o s p h a t e   as  p o s s i b l e ,   amounts  as  low  as  about   1  ppm  could  be  u s e d ,  

with  about   2  ppm  being  the  p r e f e r r e d   minimum.  While  amounts  as  h i g h  

as  about   50  ppm  r e s i d u a l   o r t h o p h o s p h a t e   could  be  used,   about   30  ppm 
is  the  p r e f e r r e d   maximum. 

While  the  c o o r d i n a t e d   phospha te /pH  c o r r o s i o n   c o n t r o l  

t r e a t m e n t   is  widely   used,  i t   is  not  w i t h o u t   i t s   drawbacks  and  l i m i -  

t a t i o n s .   Of ten ,   i t   is  d e s i r a b l e   to  supp lement   the  t r e a t m e n t   w i t h  



a d d i t i o n a l   c o r r o s i o n   i n h i b i t o r ;   however,   t h i s   is  not  a l w a y s  

p r a c t i c a b l e .   It   has  been  cus tomary  for  many  yea r s   to  use  the  sod ium 

s a l t   of  a  po lymer ic   d i s p e r s a n t ,   such  as  sodium  p o l y m e t h a c r y l a t e ,   a s  

the  supp l emen t .   When  the  sodium  s a l t   form  is  used,  the  Na:P04  i n  

the  b o i l e r   water   is  o f t en   s i g n i f i c a n t l y   a l t e r e d   and  the  s o l i d s   l e v e l  

of  the  b o i l e r   water   r i s e s .   If  the  Na:P04  is  a l lowed  to  r i s e   o v e r  

the  3:1  l i n e   of  F igure   2,  c a u s t i c   a t t a c k   again  becomes  a  p r o b l e m ,  

and,  p a r t i c u l a r l y   in  high  p r e s s u r e   b o i l e r   sys t ems ,   i n c r e a s e d   s o l i d s  

l e v e l s   can  lead  to  u n d e s i r a b l e   foaming  in  the  wa te r .   Thus,  the  u s e  

of  supp lemen ta l   t r e a t m e n t   has  been  s e v e r e l y   l i m i t e d .   In  f a c t ,   when 

the  Na:P04  is  near  the  con t ro l   l i m i t ,   the  supp lemen ta l   t r e a t m e n t  

has  been  c o m p l e t e l y   o m i t t e d .  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  improvement  in  t h e  

c o o r d i n a t e d   phospha te /pH  c o r r o s i o n   c o n t r o l   t r e a t m e n t   for  b o i l e r  

w a t e r .   Accord ing   to  the  p r e s e n t   i n v e n t i o n ,   a  supp lemen ta l   c o r r o s i o n  

i n h i b i t o r   is  p rov ided   which  n e i t h e r   s i g n i f i c a n t l y   a l t e r s   the  sod ium 

burden  of  the  b o i l e r   nor  s i g n i f i c a n t l y   i n c r e a s e s   the  s o l i d s   l e v e l  

t h e r e i n .  

The  p r e s e n t   i n v e n t i o n   is  drawn  to  the  use,   in  c o n j u n c t i o n  

with  a  c o o r d i n a t e d   phospha te /pH  c o r r o s i o n   con t ro l   t r e a t m e n t ,   of  an 

aqueous  s o l u t i o n   of  an  o rgan ic   acid  d i s p e r s a n t   which  has  been  n e u -  

t r a l i z e d   with  any one   of  a  c l a s s   of  s p e c i f i c   amines ,   h e r e i n a f t e r  

r e f e r r e d   to  as  "a lpha"   amines.   More  s p e c i f i c a l l y ,   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n ,   the  o rgan ic   acid  d i s p e r s a n t   is  n e u t r a l i z e d   w i t h  



a  s u i t a b l e   amine  (or  NH3)  w h i c h  i s   v o l a t i l e   under  the  c o n d i t i o n s   o f  

the  b o i l e r   water   to  be  t r e a t e d   and  has  a  b a s i c i t y   c o n s t a n t   of  8.0  o r  

l e s s .   A  d e t a i l e d   d e s c r i p t i o n   of  how  to  de t e rmine   s u i t a b l e   amines  i s  

p r e s e n t e d   b e l o w .  

The  i n v e n t i o n   o f f e r s   c e r t a i n   a d v a n t a g e s   as  f o l l o w s :  

(1)  the  sodium  burden  in  the  b o i l e r   is  l i m i t e d ,   t h u s  

l i m i t i n g   c a u s t i c   gouging  and  o t h e r   forms  of  b o i l e r   metal  c o r r o s i o n ;  

(2)  advan t age   (1)  is  a c c o m p l i s h e d   with  v o l a t i l e   m a t e r i a l s  

t h a t   do  not  c o n c e n t r a t e   in  the  b o i l e r   and,  t h e r e b y ,   do  not  c o n t r i -  

bute  to  e i t h e r   c o r r o s i o n   or  d e p o s i t i o n   p r o c e s s e s ;   a n d  

(3)  the  supp lemen ta l   m a t e r i a l   wil l   aid  in  c o r r o s i o n   c o n -  

t r o l   in  both  the  b o i l e r   and  in  the  steam  d i s t r i b u t i o n   system  (due  t o  

v o l a t i l e   n e u t r a l i z i n g   a g e n t s ) .  

The  u t i l i t y   of  the  p r e s e n t   i n v e n t i o n   is  c o n s i d e r e d   to  be  

g r e a t e s t   for  those   high  p r e s s u r e   (above  about   900-1200  p s ig )   b o i l e r  

sys tems  e x p e r i e n c i n g   d i f f i c u l t y   in  m a i n t a i n i n g   a  Na:P04  l e s s   t h a n  

2 . 8 : 1 .   The  use  of  a  low  sodium  supp lement   under  these   c o n d i t i o n s  

does  not  c o n t r i b u t e   to  the  sodium  burden  of  the  b o i l e r ,   t h e r e b y  

s i m p l i f y i n g   the  ma in t enance   of  a  c o o r d i n a t e d   phospha te /pH  c o n t r o l  

t r e a t m e n t ,   i . e . ,   s upp l emen ta l   feed  to  the  b o i l e r   f e e d w a t e r   can  be  made 

w i t h o u t   d i s r u p t i n g   the  sodium  to  phospha te   r a t i o .  

Accord ing   to  the  p r e s e n t   i n v e n t i o n ,   a  supp l emen ta l   c o r -  

r o s i o n   i n h i b i t o r   is  p rov ided   in  which  a  v o l a t i l e   o rgan i c   base  h a s  

r e p l a c e d   c a u s t i c   as  a  n e u t r a l i z i n g   agen t .   This  r e s u l t i n g   a l k a l i n e  



p r o d u c t   is  c o n s i d e r e d   to  be  p r e f e r a b l e   to  an  a c i d i c   p r o d u c t .   F u r -  

t h e r m o r e ,   the  v o l a t i l e   o rgan ic   base  f inds   u t i l i t y   as  a  c o n d e n s a t e  

c o r r o s i o n   i n h i b i t o r ,   n e u t r a l i z i n g   c a r b o n i c   acid  at  steam  c o n d e n -  

s a t i o n   s i t e s .  

The  Organic   A c i d  

Any  r e f e r e n c e   h e r e i n a f t e r   to  the  polymers   used  in  a c c o r d -  

ance  with  the  p r e s e n t   i n v e n t i o n   is  i n t e n d e d   to  i n c l u d e   the  p o l y m e r s  

i n d i v i d u a l l y   as  well  as  any  combina t ion   of  homopolymer,  c o p o l y m e r  

and  m i x t u r e s   t h e r e o f .   The  term  "po lymer ic   acid"  is  i n t e n d e d   to  i n -  

c lude  any  polymer  c o n t a i n i n g   acid  f u n c t i o n a l   g r o u p ( s ) ,   as  well  a s  

ac id   p r e c u r s o r   compounds  ( e . g . ,   a n h y d r i d e s ) .  

As  a l r e a d y   no ted ,   the  compounds  which  are  c o n s i d e r e d   to  be 

use fu l   in  p r a c t i c i n g   the  p r e s e n t   i n v e n t i o n   are  any  of  the  well  known 

o r g a n i c   acid   d i s p e r s a n t s ,   such  as  po lymer ic   s u l f o n i c   a c i d s ,   p o l y -  

meric  phosphonic   a c i d s ,   po lymer ic   c a r b o x y l i c   ac ids   and  poly  p h o s -  

phonic   a c i d s .  

I l l u s t r a t i v e   examples  of  po lymer ic   c a r b o x y l i c   ac ids   w o u l d  

be  as  f o l l o w s :  

p o l y a c r y l i c   a c i d  

p o l y m e t h a c r y l i c   a c i d  

p o l y m a l e i c   a n h y d r i d e  

a c r y l i c   a c i d / h y d r o x y p r o p y l a c r y l a t e   c o p o l y m e r  

s u l f o n a t e d   s t y r e n e / m a l e i c   anhydr ide   c o p o l y m e r  

m e t h y l v i n y l   e t h e r / m a l e i c   anhydr ide   c o p o l y m e r  

a c r y l i c   a c i d / m e t h a c r y l i c   acid  c o p o l y m e r  



I l l u s t r a t i v e   examples  of  po lymer ic   s u l f o n i c   ac ids   would  be  

as  f o l l o w s :  

s u l f o n a t e d   p o l y s t y r e n e  

p o l y v i n y l s u l f u r i c   a c i d  

s u l f o n a t e d   s t y r e n e / m a l e i c   anhyd r ide   c o p o l y m e r  

p o l y v i n y l s u l f o n i c   a c i d  

p o l y [ 2 - a c r y l a m i d o - 2 - m e t h y l p r o p a n e s u l f o n i c   a c i d ]  

I l l u s t r a t i v e   examples  of  poly  phosphon ic   ac ids   would  b e :  

e t h y l e n e d i a m i n e   t e t r a ( m e t h y l e n e   phosphon ic   a c i d )  

1 - h y d r o x y e t h y l i d e n e - 1 , 1 - d i p h o s p h o m c   a c i d  

n i t r i l o t r i ( m e t h y l e n e   phosphon ic   a c i d )  

These  compounds  are  b e l i e v e d   to  be  usefu l   in  b o i l e r s   of  up  to  a b o u t  

1500  p s i g .  

The  p o l y m e r i c   phosphonic   ac ids   are  b e l i e v e d   to  be  s u i t a b l e  

for   use  at  p r e s s u r e s   up  to  well  above  1500  p s i g ;   however ,   few  a r e  

p r e s e n t l y   c o m m e r c i a l l y   a v a i l a b l e .   I l l u s t r a t i v e   examples  of  t h e s e  

compounds  are  p o l y v i n y l   phosphonic   acid  and  i t s   s u b s t i t u t e d   a n a l o g s .  

As  is  well  known  in  the  a r t ,   the  amount  of  s u p p l e m e n t a l  

c o r r o s i o n   i n h i b i t o r   would  depend  on  such  f a c t o r s   as  the  n a t u r e   and  

s e v e r i t y   of  the  problem  to  be  t r e a t e d   and  could  vary  over  a  w i d e  

range .   The  amount  of  o rgan i c   acid  cou ld ,   a c c o r d i n g l y ,   be  as  low  a s  

about   1  p a r t   polymer  per  m i l l i o n   p a r t s   of  b o i l e r   wate r   (ppm).  The 

p r e f e r r e d   minimum  is  c o n s i d e r e d   to  be  about   5  ppm.  Based  on  e c o n o m i c  



c o n s i d e r a t i o n s ,   the  upper  l i m i t   for  the  o rgan i c   acid   dosage  is  c o n -  

s i d e r e d   to  be  about   150  ppm;  while   50  ppm  r e p r e s e n t s   the  p r e f e r r e d  

maximum. 

With  r e s p e c t   to  the  po lymer ic   o rgan i c   a c i d s ,   i t   is  w e l l  

known  t h a t   m o l e c u l a r   weight   is  not  c r i t i c a l .   In  any  e v e n t ,   a  m o l e -  

c u l a r   weight   of  from  about  1000  to  a b o u t - 2 0 0 , 0 0 0   is  b e l i e v e d   to  be  

o p e r a b l e .  

The  N e u t r a l i z i n g   A g e n t  

S u i t a b l e   amines  for  use  as  n e u t r a l i z i n g   agen t s   in  a c c o r d -  

ance  with  the  p r e s e n t   i n v e n t i o n   have  a l r e a d y   been  d e s c r i b e d   as  a l p h a  

amines .   The  i m p o r t a n t   p r o p e r t i e s   of  these   amines  a r e ,   f i r s t ,   t h a t  

they  are  v o l a t i l e   under  the  o p e r a t i n g   c o n d i t i o n s   of  the  b o i l e r   a n d ,  

second,   t h a t   they  have  s u f f i c i e n t   b a s i c i t y   to  n e u t r a l i z e   the  o r g a n i c  

ac id   d i s p e r s a n t .   D e f i n i n g   the  f i r s t   p r o p e r t y   in  terms  of  d i s t r i -  

b u t i o n   r a t i o   and  the  second  in  terms  of  b a s i c i t y   c o n s t a n t ,   pKb,  

a lpha   amines  are  those   having  a  d i s t r i b u t i o n   r a t i o   of  0.01  o r  

g r e a t e r   under  the  o p e r a t i n g   c o n d i t i o n s   of  the  b o i l e r   and  a  pKb  o f  

8.0  or  l e s s .  

The  d i s t r i b u t i o n   r a t i o ,   DR,  is  d e f i n e d   as  the  q u a n t i t y   o f  

v o l t i l e   amine  found  in  the  steam  phase  over  the  q u a n t i t y   found  i n  

the  bulk  f l u i d   and  is  r e p r e s e n t e d   by :  

The  va lues   for  t h i s   r a t i o ,   of  c o u r s e ,   are  e a s i l y   o b t a i n e d   by  d r a w -  



ing  a  condensed   steam  sample  and  a  blowdown  sample  from  the  b o i l e r  

and  a n a l y z i n g   for  r e s p e c t i v e   amine  c o n t e n t s .  

The  b a s i c i t y   c o n s t a n t   is  a  well  known  compar ison   for   b a s -  

i c i t i e s   of  amines  in  terms  of  t h e i r   r e s p e c t i v e   a b i l i t i e s   to  a c c e p t  

hydronium  ion  from  wa te r .   Using  the  r e a c t i o n :  

the  b a s i c i t y   c o n s t a n t ,   pKb,  is  d e f i n e d   by :  

Each  amine  has  i t s   own  pKb,  and,  the  lower  the  va lue ,   the  s t r o n g e r  

the  base .   As  is  well  known  to  the  a r t i s a n ,   t a b u l a t e d   va lues   f o r  

pKb's  are  r e a d i l y   o b t a i n a b l e   from  numerous  chemical   r e f e r e n c e  

books.   For  example ,   a  t a b l e   of  such  va lues   can  be  found  in  t h e  

"Handbook  of  Chemis t ry   and  P h y s i c s " ,   The  Chemical  Rubber  Co.,  4 5 t h  

E d i t i o n   ( 1 9 6 4 - 1 9 6 5 ) ,   p.  D-76 .  

Fo l lowing   is  an  exemplary  l i s t  o f   a lpha  amines  b e l i e v e d   t o  

be  s u i t a b l e   for  use  in  a cco rdance   with  the  p r e s e n t   i n v e n t i o n :  

m o r p h o l i n e  

a m i n o m e t h y l p r o p a n o l   (AMP) 

d i m e t h y l a m i n o m e t h y l p r o p a n o l   (DMAMP) 

c y c l o h e x y l a m i n e  

d i m e t h y l p r o p a n o l a m i n e   (DMPA) 



d i e t h y l a m i n o e t h a n o l  

N - h e x y l a m i n e  

m e t h o x y p r o p y l a m i n e   (MPA) 

b e n z y l a m i n e  

ammonia 

m o n o i s o p r o p a n o l a m i n e  

1,6  h e x a n e d i a m i n e  

1,3  d i a m i n o p r o p a n e  

t r i b u t y l a m i n e  

t r i e t h y l a m i n e  

n - a m y l a m i n e  

n - m e t h y l m o r p h o l i n e  

N , N - d i m e t h y l - 1 , 3   p r o p a n e d i a m i n e .  

EXAMPLES 

De te rmin ing   D i s t r i b u t i o n   R a t i o s  

Example  1 

A  f i r s t   s e r i e s   of  t e s t s   were  c o n d u c t e d  t o   d e t e r m i n e   t h e  

DR's  of  v a r i o u s   amines  using  a  r e s e a r c h   b o i l e r   s i m i l a r   to  the  one  

s c h e m a t i c a l l y   i l l u s t r a t e d   in  F igure   3.  Two  f i b e r g l a s s   feed  t a n k s  

were  f i l l e d   with  a  t o t a l   of  600  l i t e r s   of  d e i o n i z e d   water   which  was 

d e a e r a t e d   by  n i t r o g e n   s p a r g i n g   for  two  hours .   At  the  end  of  t h e  

d e a e r a t i o n   pe r iod   one  tank  was  charged  with  50  ppm  amine,  whi le   t h e  

o t h e r   was  charged  with  v a r i o u s   chemica l s   to  p rov ide   b o i l e r   t e s t  

wate r   as  f o l l o w s :  



"P"  a l k a l i n i t y   = 200  ppm 

r e s i d u a l   s i l i c a   = 20  ppm,  added  as  sodium  m e t a s i l i c a t e  

r e s i d u a l   phospha te   =  20  ppm,  added  as  sodium  d i h y d r o g e n  

p h o s p h a t e  

r e s i d u a l   s u l f i t e   =  20  ppm,  added  as  sodium  s u l f i t e  

ca l c ium  ha rdness   =  10  ppm,  added  as  ca lc ium  c h l o r i d e  

magnesium  ha rdnes s   =  5  ppm,  added  as  magnesium  s u l f a t e  

c y c l e s   of  c o n c e n t r a t i o n   =  15  ppm 

02  l eve l   a f t e r   N2  s p a r g i n g   =  0 . 2 5 - 0 . 5   ppm 

The  b o i l e r   was  e n e r g i z e d   and  a l lowed  to  come  to  e q u i l i b r i u m   o v e r -  

n i g h t   at  100  p s ig .   On  the  second  through  f i f t h   days  two  s e t s   o f  

samples  (each  se t   c o n s i s t e d   of  a  steam  sample  and  a  blowdown  s a m p l e )  

were  taken  per  p r e s s u r e   step  at  a  minimum  of  one  hour  and  a  maximum 

of  one  and  a  ha l f   hours  between  se t s   (a t   a  given  p r e s s u r e ) .   The 

samples ,   r e f r i g e r a t e d   dur ing   the  a c c u m u l a t i o n   s t age   in  g l a s s  

c o n t a i n e r s ,   were  then  ana lyzed   using  s t a n d a r d   gas  c h r o m a t o g r a p h i c  

p r o c e d u r e s   under  the  f o l l o w i n g   c o n d i t i o n s :  

G.C.  u n i t :   Perkin   Elmer  Model  990 

D e t e c t o r ( s ) :   Thermal  c o n d u c t i v i t y   or  flame  i o n i z a t i o n  

Column  S ize :   6'  x  2  mm  id  P y r e x  

Pack ing :   14%  Carbowax  20  M/2%  KOH  on  80/100  mesh  S u p e l c o p o r t  

Oven  T e m p e r a t u r e :   110°C 

. C a r r i e r   Gas:  N2  at  20  ml/min  at  40  p s i g  

Sample  S ize :   1  µ l  

I n j e c t i o n   Tempera tu r e :   105°C.  

The  r e s u l t i n g   d i s t r i b u t i o n   r a t i o s ,   c a l c u l a t e d   a c c o r d i n g   t o  

e q u a t i o n   ( I ) ,   are  r e p o r t e d   below  in  Table  1.  Also  r e p o r t e d   are  t h e  

d i s s o c i a t i o n   c o n s t a n t s ,   pKb,  for  the  m a t e r i a l s   t e s t e d .  







Example  2 

An  i n v e s t i g a t i o n   was  u n d e r t a k e n   to  de t e rmine   the  p o s s i b l e  

e f f e c t s ,   i f   any,  of  b o i l e r   chemica l s   or  water   q u a l i t y   on  DR.  The 

t e s t i n g   method  used  was  s i m i l a r   to  t h a t   r e p o r t e d   in  Example  1.  In 

the  p r e s e n t   t e s t ,   however,   water   "P"  a l k a l i n i t y   was  i n c r e a s e d   by  a 

f a c t o r   of  two;  and  in  the  c o m p a r a t i v e   "wi thou t   chemica l "   t e s t s ,   t h e  

h a r d n e s s ,   p h o s p h a t e s   and  s i l i c a t e s   were  removed  c o m p l e t e l y .   Some 

r e s u l t s   of  these   t e s t s   are  r e p o r t e d   below  in  Table  2  in  terms  o f  

c o m p a r a t i v e   average   DR  va lues   with  chemica l s   and  w i t h o u t   c h e m i c a l s .  

All  DR's  r e p o r t e d   are  ave rages   of  at  l e a s t   two  to  nine  s e p a r a t e   d a t a  

p o i n t s .  



The  r e s u l t s   of  Table  2  are  seen  to  i n d i c a t e   t h a t   over  t h e  

p r e s s u r e   range  of  i n t e r e s t ,   with  r e s p e c t   to  p r a c t i c i n g   the  p r e s e n t  

i n v e n t i o n ,   no  s i g n i f i c a n t   e f f e c t   on  DR  was  noted  due  to  e i t h e r   t h e  

absence   of  b o i l e r   chemica l s   or  an  i n c r e a s e   in  a l k a l i n i t y .  

Example  3 

Also  i n v e s t i g a t e d   was  the  e f f e c t ,   if   any,  of  i n c r e a s e d  

n e u t r a l i z i n g   amine  c o n c e n t r a t i o n   on  the  va r ious   DR's.  This  was 

a c c o m p l i s h e d   by  simply  doub l ing   the  amine  c o n c e n t r a t i o n   from  50  ppm 

to  100  ppm  and  compar ing  the  r e s u l t s .   A  t e s t i n g   method  s i m i l a r   t o  

t h a t   r e p o r t e d   in  Example  1  was  used.  The  amines  t e s t e d   were  morph-  

o l i n e   and  c y c l o h e x y l a m i n e .   The  r e s u l t s   of  these   t e s t s   are  r e p o r t e d  

below  in  Table  3  in  terms  of  c o m p a r a t i v e   average   DR  at   50  ppm  and  

100  ppm. 





Based  on  the  r e s u l t s   from  Table  3,  t h e r e   is  seen  to  be  no 

s i g n i f i c a n t   e f f e c t   of  amine  c o n c e n t r a t i o n   on  the  DR.  Of  c o u r s e ,   t h e  

i n d i v i d u a l   va lues   for  q u a n t i t y   of  amine  p r e s e n t   in  the  steam  a n d  

blowdown  samples  i n c r e a s e d   s i g n i f i c a n t l y ,   but   the  magni tude   of  t h e  

DR  s t i l l   remained  about   the  same.  

MAKING  AMINE-NEUTRALIZED  ORGANIC  A C I D  

Example  4 

This  example  is  seen  to  i l l u s t r a t e   the  p r e p a r a t i o n   of  an 

aqueous  s o l u t i o n   of  a lpha  a m i n e - n e u t r a l i z e d   o r g a n i c   ac id   to  be  u s e d  

in  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n .   The  s t a r t i n g   m a t e r i a l   was 

p o l y m e t h a c r y l i c   acid   (PMA)  having  the  f o r m u l a :  

which  polymer  had  a  m o l e c u l a r   weight   average   of  6,000  to  12,000  a s  

d e t e r m i n e d   by  gel  pe rmea t ion   c h r o m a t o g r a p h y ,   us ing  as  r e f e r e n c e   a 

commercial   sodium  p o l y m e t h a c r y l a t e   of  a d v e r t i s e d   m o l e c u l a r   w e i g h t  

of  8 , 0 0 0 - 1 0 , 0 0 0 .  

A  s tock  s o l u t i o n   is  made  by  the  f o l l o w i n g   p r o c e d u r e :  



1.  weigh  out  250  g  o f   tap  water   (pH  =  8 . 2 )  

2.  add  65  g  of  PMA  (30.8%  a c t i v e s )  

3.  mix  w e l l  

4.  r eco rd   pH  and  n e u t r a l i z e   to  d e s i r e d   pH  with  amine  

At  t h i s   p o i n t ,   the  4%  PMA  s o l u t i o n   is  reweighed   and  t h e  

amount  of  amine  used  is  r e c o r d e d .   The  s o l u t i o n   is  b rough t   to  a 

f i n a l   weight   of  500  g  and  a  f ina l   pH  r e a d i n g   is  t aken .   The  t a p  

wa te r   added  i n c r e a s e d   the  pH  by  about  .2  u n i t s .  

The  we igh t s   of  the  amine  used  to  reach  v a r i o u s   pH's  f o r  

numerous  s o l u t i o n s   a c t u a l l y   made  were  as  f o l l o w s :  

S o l u t i o n   1:  4%  PMA  stock  s o l u t i o n ,   500  g  t o t a l   w e i g h t ,  

pH  about   2 . 5  

S o l u t i o n   2:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  7  with  17.5  g  o f  

m o r p h o l i n e ;   f ina l   pH  =  7 . 2  

S o l u t i o n   3:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  7  with  18.0  g  o f  

AMP;  f ina l   pH  =  7 . 1  

S o l u t i o n   4:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  7  with  17.2  g  o f  

c y c l o h e x y l a m i n e ;   f ina l   pH  =  7 . 0  

S o l u t i o n   5:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  9.5  with  211.3  g  o f  

m o r p h o l i n e ;   f ina l   pH  =  9.7  ( t h i s   s o l u t i o n   l e s s  

than  4%  PMA) 

S o l u t i o n   6:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  10  with  25.5  g  o f  

AMP;  f ina l   pH  =  1 0 . 0  



S o l u t i o n   7:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  7  with  15.5  g  o f  

m o r p h o l i n e ,   then  to  pH  =  10.8  with  59.7  g  of  AMP; 

f i na l   pH  =  1 0 . 9  

S o l u t i o n   8:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  7  with  18.2  g  o f  

m o r p h o l i n e ,   then  to  pH  =  10.9  with  53.7  g  o f  

c y c l o h e x y l a m i n e ;   f i na l   pH  =  1 1 . 1  

S o l u t i o n   9:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  7  with  18.4  g  o f  

m o r p h o l i n e ,   then  to  pH  =  9.8  with  46.8  g  of  AMP; 

f i n a l   pH  =  1 0 . 1  

S o l u t i o n   10:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  7  with  19.0  g  o f  

m o r p h o l i n e   to  pH  =  9  with  11.1  g  of  AMP,  then  t o  

pH  =  11  with  37.9  g  of  c y c l o h e x y l a m i n e ;   f i n a l  

pH  =  1 1 . 0  

S o l u t i o n   11:  S o l u t i o n   1  n e u t r a l i z e d   to pH  =  7  with  24.1  g  o f  

m o r p h o l i n e ,   to  pH  =  9  with  15.3  g  of  AMP,  then  t o  

pH  =  11  with  8.9  g  of  sodium  hydrox ide   a n h y d r o u s ;  

f i n a l   pH  =  1 1 . 5  

S o l u t i o n   12:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  8  with  21.2  g  o f  

m o r p h o l i n e ;   f i na l   pH  =  8 . 0  

S o l u t i o n   13:  S o l u t i o n   1  n e u t r a l i z e d  t o   pH  =  7.5  with  22  g  o f  

AMP;  f i na l   pH  =  8 . 0  

S o l u t i o n   14:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  8  with  20.9  g  o f  

c y c l o h e x y l a m i n e ;   f i na l   pH  =  8 . 1  



Example  5 

This  example  is  seen  to  f u r t h e r   i l l u s t r a t e   the  p r e p a r a t i o n  

of  an  aqueous  s o l u t i o n   of  alpha  a m i n e - n e u t r a l i z e d   o r g a n i c   acid  to  be 

used  in  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n .   The  s t a r t i n g  

m a t e r i a l   was  Acrysol  A -  41,  commerc ia l ly   a v a i l a b l e   from  Rohm  and 

Haas.  It  is  a  copolymer  of  m e t h a c r y l i c   and  a c r y l i c   ac id ,   having  a 

m o l e c u l a r   we igh t   average   of  about  1 0 , 0 0 0 - 1 2 , 0 0 0   and  a  mole  r a t i o   o f  

m e t h a c r y l i c   acid   to  a c r y l i c   acid  of  about  9 : 1 .  

A  s tock  s o l u t i o n   i s  made   a c c o r d i n g   to  the  same  p r o c e d u r a l  

s t eps   set   f o r t h   in  the  p r e c e d i n g   example,   however,   (71.5  g  o f )  

Acrysol  A-41  (28%  a c t i v e s )   was  used  i n s t e a d   of  the  PMA. 

The  we igh t s   of  the  amine  used  to  reach  v a r i o u s   pH's  f o r  

numerous  s o l u t i o n s   a c t u a l l y   made  were  as  f o l l o w s :  

S o l u t i o n   1:  4%  copolymer  s tock  s o l u t i o n ,   500  g  t o t a l   w e i g h t ,  

pH  about   2 . 6 5  

S o l u t i o n   2:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  7  with  19.3  g  o f  

m o r p h o l i n e ;   f ina l   pH  =  7 . 2  

S o l u t i o n   3:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  7  with  20.2  g  o f  

AMP;  f i na l   pH  =  7 . 2  

S o l u t i o n   4:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  7  with  23  g  o f  

c y c l o h e x y l a m i n e ;   f i na l   pH  =  7 . 6  



S o l u t i o n   5:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  9.2  with  129.6  g  o f  

m o r p h o l i n e ;   f i na l   pH  =  9.4  (not   s t a b l e   at  t h i s   pH) 

S o l u t i o n   6:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  10  with  43.6  g  o f  

AMP;  f i na l   pH  =  1 0 . 2  

S o l u t i o n   7:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  10  with  35.5  g  o f  

c y c l o h e x y l a m i n e ;   f i na l   pH  =  1 0 . 1  

S o l u t i o n   8:  S o l u t i o n   1  n e u t r a l i z e d   to  pH  =  7  with  21.7  g  o f  

m o r p h o l i n e ,   then  to  pH  =  9  with  13.6  g  of  AMP, 

then  to  pH  =  10.8  with  114  g  of  c y c l o h e x y l a m i n e ;  

f i na l   pH  =  1 1 . 1  

EFFICACY  OF  TREATMENT  IN  BOILER 

Example  6 

A  s e r i e s   of  t e s t s  w e r e   conduc ted   to  de t e rmine   the  e f f i c a c y  

of  a lpha  a m i n e - n e u t r a l i z e d   o rgan i c   ac ids   as  b o i l e r   water   t r e a t m e n t s .  

The  t e s t s   were  conduc ted   in  the  r e s e a r c h   b o i l e r   d e s c r i b e d   in  Example  

1  and  s c h e m a t i c a l l y   i l l u s t r a t e d   in  F igure   3.  As  a l r e a d y   n o t e d ,  

c e r t a i n   b o i l e r s   are  h igh ly   s u s c e p t i b l e   to  c a u s t i c   c o r r o s i o n   as  a 

r e s u l t   of  iron  oxide  d e p o s i t s   formed  on  i n t e r i o r   s u r f a c e s .   T h u s ,  

any  t r e a t m e n t   which  wil l   p r even t   the  f o r m a t i o n   of  i ron  oxide  d e p o s i t s  

is  c o n s i d e r e d   to  be  a  h igh ly   d e s i r a b l e   supp lement   for  a  c o o r d i n a t e d  

phospha t e /pH   c o n t r o l   p r o g r a m .  

Since  the  r e s e a r c h   b o i l e r   was  e l e c t r i c a l l y   powered  u s i n g  

immersion  h e a t i n g   p robes ,   d e p o s i t s   formed  d i r e c t l y   on  probe  s u r -  

f a c e s .   On  c o m p l e t i o n   of  the  t e s t s ,   the  d e p o s i t s   formed  on  the  h e a t -  



ing  probes  were  ana lyzed   to  de t e rmine   the  q u a n t i t y   of  iron  o x i d e  

p r e s e n t   and  the  t o t a l   amount  of  d e p o s i t .  

During  the  t e s t s   pe r fo rmed ,   b o i l e r   c o n d i t i o n s   i n c l u d e d   a  .  

c o o r d i n a t e d   phospha te /pH  con t ro l   program,  15  cyc l e s   of  c o n c e n -  

t r a t i o n ,   o p e r a t i n g   p r e s s u r e   of  1450  p s ig ,   3.4  ppm  Fe+2  c o n t a m i n -  

a ted   f e e d w a t e r ,   and  b o i l e r   probes  of  d i f f e r i n g   heat   f lux   v a l u e s .  

One  probe  had  a  heat   f lux   value  of  240,000  B T U / f t 2 / h r ;   whi le   t h e  

o t h e r   had  a  heat   f lux  of  185,000  B T U / f t 2 / h r .   Test   d u r a t i o n s   were  

2  d a y s .  

The  f e e d w a t e r   had  the  f o l l o w i n g   c o m p o s i t i o n :  

The  t e s t s   i nc luded   c o m p a r a t i v e   s t u d i e s   of  a lpha  a m i n e -  

n e u t r a l i z e d   po lymer ic   acid  d i s p e r s a n t s   with  commonly  used  p o l y m e r i c  

ac id   d i s p e r s a n t s   as  sodium  s a l t s .   The  m a t e r i a l s   t e s t e d   were  a s  

f o l l o w s :  

Compara t ive   P roduc t   X:  Commercial  sodium  p o l y m e t h a c r y l a t e ,  

r e p o r t e d   m o l e c u l a r   weight   =  6 , 0 0 0 - 8 , 0 0 0  

Compara t ive   Product   Y:  Commercial  sodium  p o l y m e t h a c r y l a t e ,  

r e p o r t e d   m o l e c u l a r   weight   =  8 , 0 0 0 - 1 0 , 0 0 0  



Produc t   A:  Po lymer ic   ac id   s t a r t i n g   m a t e r i a l   of  Example  5 ,  

n e u t r a l i z e d   with  AMP,  pH  =  10.0,   s t o r e d   at  120°F  

for   t h r e e   months  be fo re   t e s t i n g  

P roduc t   B:  Po lymer ic   acid  s t a r t i n g   m a t e r i a l   of  Example  5 ,  

n e u t r a l i z e d   with  m o r p h o l i n e ,   pH  =  8 .0 ,   s t o r e d   a t  

120°F  for  t h r ee   months  be fo re   t e s t i n g  

P roduc t   C:  Po lymer ic   acid   s t a r t i n g   m a t e r i a l   of  Example  4 ,  

n e u t r a l i z e d   with  morpho l ine   and  AMP,  pH  =  1 0 . 3 ,  

s t o r e d   at   120°F  for  t h r e e   months  be fo re   t e s t i n g  

P roduc t   D:  Po lymer ic   acid   s t a r t i n g   m a t e r i a l   of  Example  4 ,  

n e u t r a l i z e d   with  m o r p h o l i n e ,   pH  =  8 .1 ,   s t o r e d   a t  

120°F  for   t h r e e   months  be fo re   t e s t i n g  

The  r e s u l t s   of  these   t e s t s   are  r e p o r t e d   below  in  Table  4 

in  terms  of  amount  of  i ron  d e p o s i t i o n   (in  g / f t 2 )   on  the  p r o b e s .  





Based  on  the  r e s u l t s   r e p o r t e d   in  Table  4,  not  only  a r e  

t r e a t m e n t s   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   c o n s i d e r e d   to  be  

e f f i c a c i o u s   for  b o i l e r   wa te r ,   but  t h e y  a r e   seen  to  compare  f a v o r a b l y  

with  t r e a t m e n t s   c o n t a i n i n g   the  sodium  s a l t s   of  the  o r g a n i c   a c i d s .  

A c c o r d i n g l y ,   the  c o o r d i n a t e d   phospha te /pH  c o r r o s i o n   c o n t r o l   t r e a t -  

ment  can  be  supp lemen ted   with  an  o rgan ic   acid   t r e a t m e n t   in  a  f o r m  

which  wil l   n e i t h e r   a d v e r s e l y   a f f e c t   the  c r i t i c a l   Na:P04  nor  i n -  

c r e a s e   the  s o l i d s   level   in  the  b o i l e r   w a t e r .  

I t   should   be  kept  in  mind  t h a t   the  s t r o n g e r   the  b a s i c i t y  

of  the  a lpha  amine  n e u t r a l i z i n g   agen t ,   the  l e s s   amine  r e q u i r e d   t o  

n e u t r a l i z e   the  po lymer ic   acid   d i s p e r s a n t .   To  avoid  problems  r e l a t e d  

to  fungi  growth,   h ighe r   pH  f o r m u l a t i o n s ,   e . g . ,   above  8 .5 ,   a r e  

p r e f e r r e d .  

A  p r e f e r r e d   supp lemen ta l   t r e a t m e n t   c o m p o s i t i o n   for  u s e  

with  the  c o o r d i n a t e d   phospha te /pH  c o r r o s i o n   c o n t r o l   t r e a t m e n t   i s  

S o l u t i o n   1  of  Example  5  n e u t r a l i z e d   to  pH  =  8.5  with  27.3  grams  o f  

m o r p h o l i n e .   - 

Having  thus  d e s c r i b e d   the  i n v e n t i o n ,   what  is  c la imed   i s :  



1.  A  c o o r d i n a t e d   p h o s p h a t e / p H   c o r r o s i o n   c o n t r o l  

m e t h o d   f o r   t h e   t r e a t m e n t   of  b o i l e r   w a t e r ,   in   w h i c h  

r e s i d u a l   o r t h o p h o s p h a t e   i s   m a i n t a i n e d   i n   t h e   w a t e r   i n   a n  

a m o u n t   of  f r o m   a b o u t   1  to   a b o u t   50  ppm  and  a  N a : P 0 4  o f  
f r o m   a b o u t   2 :1   to   l e s s   t h a n   3 :1   i s   m a i n t a i n e d   in   t h e  

w a t e r ,   c h a r a c t e r i s e d   by ,   s u p p l e m e n t i n g   t h e   t r e a t m e n t  

w i t h   an  e f f e c t i v e   a m o u n t   f o r   t h e   p u r p o s e   of   an  a q u e o u s  

s o l u t i o n   of  a l p h a   a m i n e - n e u t r a l i z e d   o r g a n i c   a c i d .  

2.  A  m e t h o d   as  c l a i m e d   i n   c l a i m   1,  c h a r a c t e r i s e d  

i n   t h a t   t h e   o r g a n i c   a c i d   i s   a t   l e a s t   one  m e m b e r   s e l e c t e d  

f r o m   t h e   g r o u p   c o n s i s t i n g   of  c a r b o x y l i c   a c i d   p o l y m e r ,  

s u l f o n i c   a c i d   p o l y m e r ,   p h o s p h o n i c   a c i d   p o l y m e r   and  p o l y  

p h o s p h o n i c   a c i d .  

3.  A  m e t h o d   as  c l a i m e d   i n   c l a i m   2,  c h a r a c t e r i s e d  

i n   t h a t   t h e   o r g a n i c   a c i d   i s   c a r b o x y l i c   a c i d   p o l y m e r .  

4 .   A  m e t h o d   as  c l a i m e d   i n   c l a i m   3,  c h a r a c t e r i s e d  

i n   t h a t   t h e   o r g a n i c   a c i d   i s   s e l e c t e d   f r o m   t h e   g r o u p  

c o n s i s t i n g   of  a c r y l i c   a c i d   p o l y m e r   and  m e t h a c r y l i c   a c i d  

p o l y m e r .  

5.   A  m e t h o d   as  c l a i m e d   i n   c l a i m   4 ,   c h a r a c t e r i s e d  

i n   t h a t   t h e   o r g a n i c   a c i d   i s   c o p o l y m e r   of   a c r y l i c   a c i d  

and  m e t h a c r y l i c   a c i d .  

6 .   A  m e t h o d   as  c l a i m e d   i n   c l a i m   5,  c h a r a c t e r i s e d  

i n   t h a t   t h e   o r g a n i c   a c i d   i s   p o l y m e t h a c r y l i c   a c i d .  

7 .   A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   t h e   " a l p h a "   a m i n e  

i s  a t   l e a s t   one  member   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g  

of   m o r p h o l i n e ,   c y c l o h e x y l a m i n e   and  a m i n o m e t h y l p r o p a n o l .  

8 .   A  m e t h o d   as  c l a i m e d   in   any  one  of   t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   t h e   o r g a n i c   a c i d  

i s   a d d e d   i n   an  a m o u n t   of   f r o m   a b o u t   1  to   150  p p m .  

9.  A  m e t h o d   as  c l a i m e d   i n   c l a i m   8,   c h a r a c t e r i s e d  

i n   t h a t   t h e   o r g a n i c   a c i d   i s   a d d e d   in   an  a m o u n t   of  f r o m  

a b o u t   5  to   a b o u t   50  p p m .  
10 .   A  m e t h o d   as  c l a i m e d   i n   a n y  o n e   of  t h e  



p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   t h e   N a : P O 4   i s  

m a i n t a i n e d   a t   f r o m   a b o u t   2 . 1 3 : 1   to   a b o u t   2 . 8 5 : 1 .  

11 .   A  m e t h o d   a c c o r d i n g   to   c l a i m   10 ,   w h e r e i n  

t h e   N a : P O 4   i s   m a i n t a i n e d   a t   f r o m   a b o u t   2 . 2 : 1   to   a b o u t  

2 . 6 : 1 .  

12 .   A  m e t h o d   as  c l a i m e d   i n   any   one  of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   t h e   r e s i d u a l  

o r t h o p h o s p h a t e   l e v e l   i s   m a i n t a i n e d   a t   f r o m   a b o u t   2  t o  

a b o u t   30  p p m .  
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